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ABSTRACT

. This Technical Note presents brhe tults - the first in a series
.oE..4.a•ve.hationa..-.scdot b--the- va.•-and Analysis Secto•n

kon the analysis and design of recoil nechanisms. This note deals with
the approximation of fluid flow in a recoil syston. The M102 Howitzer,
XM37 Recoil Meohmnisn, is the model studied in this investigation. The
M102 Howitzer is a lightweight, towed-t.yped, 105mm field artillery weap-
on suited for airborne and air assault operations, The XM37 Aeooil
IMeachaniw is a hydro-pneumatic dependent type of recoil mechanism#
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SaConclusons end Reco aaoscti'ons•I
The recoil stroke and counterrecoil stroke for short and long

recoil were closely duplicated. The discha•ge coefficient for short
and long recoil were found to be .75 and .85 respectively. Toleranc-
in& (leakage) was shown to have a definite effect upon rod pull. It
is felt that for a preliminary analysis, the results are very good.

, It is recommended that the error analysis upon the technique
of control rod design be continued.

iv



introduction

Currently, a digital computer is being utilized to solve a
system of differential equations which are the equations of motion
for fluid flow through any Puteaux recoil systems This study en-
compasses both the recoil and ocunterracoil stroke. This canputer
program has two definite purposes2 Analysis and design. In the
analysis phase, parameters may be varied within a known recoil
system geometry in order %) ascertain differential effects upon
recoil lengths, recoil forces, in-battery velocities, cycle times,
etc. The design program takes a known system geometry and generates
groove areas for the control rod. The length of recoil and the re-
co@l force are required inputs to this program. These items are
interdapsndent and their values are based on the momentum of the
recoiling parts and the combined momentum of projectile and pro-
pelling charge. The recoil force, at any point along the stroke,
depends upon the recoil velocity and orifice area at that point.
Therefore the design program computes the necessary orifice area
from point to point in order to meot the design requirements.
Based on these two programs, a control rod was designed and manu-
factured. ENperimental testing showed a close agreement between
the firing results and the computer predictions. This rod was
subsequently accepted for production.

This note deals only with the analysis programs although
both the analysis and the design programs, are listed in the
Appendices B and C.
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Firs IApprox irrv~tiorl fla Flic Flow mnRc.~lS~tm

The fi.rst -merhanmsrn to 6ap stjdioci is th& XM37 eoI
Merhcjnesn7 fOv- the, xMIOZ_ (105mn)4oter

Fi~re i~sohermac. c~aic cý hhe XMZ7 Rc~i,

NecJ-chcrsm, 7;7e- apie'rCZtiori a,) thl M~eC-h=Vnfs5r ;3J56

Irr thie )(M37, the pistan ito' is czaI

c~ire cvt,=chec4 t-c thle Howrtzes vicr ~c=,,LkC;e. Qr r. cz n 77r

Upo, *he theo/n Pecaibi-ta.s.cý

trccar, ýýJea17yc *1he- piatcone r-c:sc c4nd prs t~o to move =-crc

r'ecz~eveto the' r~c.=Pal "7G-hmnimm. The c;,, is ,oo-cird.&- ''dci

pressudre Fm thro~ugh Are'ct A, Into the re r4,peraito,- c.ýljndrci-

cir Presa&ma. P,. Thi1s oil is ýorcge~rcl t-he ý,-=nt' c 4 f-7e
rectwic-4loir fhiro,, 9 i, Areca A? wncder pe.s'.Ry ,, T'h,.5

p,-ems5Lwre e=cts wn *he 4"cl a4 the cc.tr~-aI rodl oe,-w Area A3.
Also, tile o~i d,:e'r- pi-cess5re Rj 15 orcced fh-4'jbA-ea AV

onlH~.~t~h the -srincl /c;vdc~ecd volve C 5, ), vicx A -eoa A5 1
,I,*oc tiem throltlincl cP~c'-,Ie'-r -a ,-pe s 5 w- c Fz'. 1Te o, f1 e 77~

Faii-Ses *hrow.qh the thrtflhinc Areci A,, w1*et-c it cQ..sc14=11mns
*h~ d177 Areca3 A( =ncd A-7 ) wcWJn~'- poresswi-e' Pa. The

pv-eP3C=-fiVC C217~a' the.iFh-qvpw ther pres.:s&.4u-L-~
oifl the ccor,t,7-o/ bod, sla,.-,pi-efs *kec

~o~i-cýesc*6 )-iccat'7cy picsfror =tc~y#nst NHce clcvz Pvt~#e ~
As the dcimP))rac~rvc =rvmc Mz/'vtimcý pi~tc-ar7 a,-e 1ockpct

Duoon 9 cl LfeP-ecol -her qom~s p~~~a ~ -.

ýCrrlm7the o,l to 6c= th'-air/e~cd hict.eev, the .omt,-ol '-cct
C;007c the -ccj,/cwWo -h-owelh ,91rc A. 7110- =0 .j P;
vcti-U')-S ý to he rfeGoeIcpll cie/,"-Jc-A,f'-~.rC 7 he

6=ck /in't LocultePrg



2. ArtauI~jss of the Reo,) Stroke
Thj3st j so6wio on t~he Follca,rcj ms~swmpriorro

(00. UP7-dlr&CflomcmJ Pow

(6s) Fr~g.tiam is o~ss~jmnpci 4.pv.tmpt

(c.) 7The Puta to 4=soLJI71'' tiz 6& now~es~tJ

('a) Thle cqw Pj0r~sure ,ýOIIeWs3 te ad w/c6ot'r. 9,=- )caw~.

Me o P#i-esw#.-p d~rop aG#o-53 i1ke c4okce CA,)
Q)The' coo4 icten7o' i hr it =a.,..,med ccwpst;onr

Newroyn's thirdl fcw, Phe' s-estarve-e fla vc cz.Ids to the
fer-ool m"eChanISM iS e9 4jJllI=1IeV7f 1- the ýOM eXamtCd 1=1 70,0e C-Crralgi

Sth~e' rec-cp~l jmeha,=iswr (whiahJ is the Foa 'AGr-t*c 4 ~ o/n phe

pistonr rocad) here re?&ev-e ol f-; i t~he Ctrodl pti..Ji" andi ciciecle
"in this pro6Iemr as Ame v (se.., -i)Fp

Ther e'CuLit,on =f 77Taion Foe- the reecvaiinq 10io'-t. s-'

where

Mq Movs., oý FRec..oie~rq PFnrf3 (w'weic~ht
B W z 6Bre ec A #fo rce

-% z e-oaI Dss plcm~er-&r'at

SCJn -ý -- Asa06r=wc S131 cP-j (%13" Te II o z~ -1,4,>O)
F = ud Fr,c-faon

The eluiotori o w??Ct~ofl for- th,e- ýIoczt'irc ~jtPF

whbe re

MpM=53 oý I/ocvte, pistcon (Wioz-Wigt
FIoavttgi'c3 pia t-o' d:ý,p~4=r-9"&77 (o=6se-oute)

_ý=11e0tiOrvS ')0 =17nd (Z) C21te fhe CdesiredC~ ecquCot1=0n =k W,1iryo~o. Mhe
pr(ý61" 7ecw /0 one =4 w*cxlwat*,v,.- the~ vcar,cp.a p'ssJe.W& cOn: aczler

tw..o LaP.1 O n (6) .7 (1 A)

CA SE i Ps o

P' I )-Paq Pr'ssiure Dr-aoo c~~vc's A

A Fz.Pz-FP Prstra ro,n. =Vca-#oDSSA
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Dch'i: ri4/ oQP#k.v# oarmu. )r tw'o ibort r c~Icr-acves =5Aos ,c,

;or two ion 9~c irec..v. alooves c45 AI~L- T7? )Pr / r-eq 6 f0 th AX, atid
As, Gir* ca-~#j 07lc orv vhj.,- r".o" nIl A,% is '~t .N OTE:

the~ muc. itafatem is uzcci rbro&4cphoutr the shicd .
zRcotes aý Flow through Ot-,cer A. (V,:Veflcd..t'y .4F/w

RQxt coý Flo~Yw th raough O#-eJhc.& Ay, (V,. Veloc.ift o) FIoitu)

0# 5ch1=l-cje 4-o A,%.

FO- 0 14-1 Re~er&rc.e r&, C C ttven7

Th6' pressure (,&P) reswiltinx ýrc'm = kheac (h) a4 .7. wI thi c
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V:

/ '-
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Cmputor Model Analysis -Case I

Beginning with equal.ion 22 and basic input parameters of the
M102 Howitzer, KH37 Recoil Mechanism, a preliminary computer study
was initiated. This specifioally dealt with Zone 7, 100% charge.
The desired goal was to duplicate as close as possible the rod-pull
time curves of actual carriage firings ( See graphs A and B ). This
also means a duplication in recoil length, recoil times and cycle
time, It must be kept in mind$ however$ that graphs A and B were
carriage firings using a simulated M482 round, The chances are
that the breach force used in the computer solution is not quits
the same as actually fired.

Computer runs were made both in long and short recoil, The
rate of flow or coefficient of discharge was held constant throughout
a run. First, a number of runs were made In short recoil to determine
its coefficient of discharge. Next, using the determined short groove
coefficient and varying the long groove coefficient, long recoil runs
were made until a suitable value was obtained for the long groove
discharge coefficient. Maximum leakage (tolerancing between the con-[, trol rod and regulator) was considered present in all runs.

Input Parameters

The parameters defined below wore the basic input parameters in
all runs unless otherwise noted.

Smo Pneumonic Code DesoriRtion ValueS. Guide Friction •TT1 pounds
F FFP Floating Piston Friction 658, pounds

P FP Recoil Piston & Stuff- 263. pounds
P ing Box Friction

A ARAea of Recoil Piston 2o97linl=,O2O~ft2
A R A7 See Figure I 1401860n2-,0995ft 2

A 7  A6 See Figure 1 ll.781in2 s.0818ft 2

A5 AS See Figure 1 3.820in 2 m,0251ft 2

A 5  A3 S•e Figure 1 2.405in 2-. 0167ft 2

A 3  A2 See Figure 1 .4418in2 ,.0031ft 2

S 51 Spring Loaded Valve Force 61 pounds
W WP Floating Piston Weight 25 pounds
C ZETA Angle of Elevation Varied
P N PN Initial Gas Pressure 1150psiB165600 lbs/ft2
Xo XO quantity of Length Needed 168.07"-14.00tf
k XK To Satisfy equation 19 1.40

Adiabatic Gas ExponentI 12



W WR Weight of Recoiling Parts 1466 pounds
SIGMA Density of Oil 53.3 lbs/ft3

B • Acceleration of Gravity 32"17 ftssed
C D CD Discharge Coefficient Through A 0.75
CD CDP Short Groove Discharge Coefficient Varied
C"D CDPP Long Groove Discharge Coefficient Varied
C K CK Recoil Leakage Coefficient 2 Varied 2
A,K AK Recoil Leakage Area .01341n 2.00009306ft
C CY Counterrecoil Discharge Coefficient Varied

S CKP' Counterreooi1 Leakage Ced ae.066n 9 Varied
A'K CKP Counterrecoil Leakage ea ,069in 2 V.00006e 2
M R XMR Haas of Recoiling Parts 45.57 slugs
H XUP Mass of Floating Piston 0.78 slugs

In addition to these constants and variablej, the theoretical breech
force-timi B(t) curve for Zone 7 was a necessary input. The technique
of developing this force-tima relationship is fully discussed in refer-
mene 2s The B(t) curve consisted of the following points.

M442 Projectile T36EI Propellant

a t ) Time-milliseconds B(t) ()Time-milliseconds

0 0 55024 9.657
18290 .830 46700 10.170
75815 2.006 46249 10.236

138959 2.526 44494 10.498
235115 3,069 42403 10.825
301003 3.404 38538 11.*41
345271 3.655 35059 12,137
373976 3.89 31922 12,793
391412 4.034 29092 13.448
4000•4 4.188 26537 14.104
398823 4.576 24227 14.780
355812 5.087 22136 15.415
304705 5.512 18527 16,726
258i84 5.892 12038 20,005
223822 6,242 7968 23o293
164023 6.886 5362 26.561
125687 7,484 3665 29.839

99038 8.053 1786 38.895
79904 8.8601 915 42,951
72322 8.969 489 49.508
65755 9.136 272 56.054

205 59.342
156 62,620
92 69.176
56 75,732

0 75,000

13



Another ingral pat of the input data was the rlationship be-Stwon X (reoil1 trael,)y a •ndA.z (corresponding oriie€ area). The total
Sgroove area is computed b hFrelationship, A w Depth -.00434. The areas

.for the long and short roove& are listed be o6. 1.666

2"- Short Grooves,

Trav.e.(ft) Area(ft 2) Travel(ft) Area C(ft 2) Trmvol(ft) Arsa(ft 9)
4000000056735 .6715 10006986i 1.6265 .00048111

,0149 .00060625 ,7112 .00069235 1.6662 0004163
.0348 ,00064167 ,7510 ,00060611 1,7060 .00043194
a0447 e.00065347 .7906 .00067966 1.74•6 00041736
o0047 .00066250 ,9316 .00007361 1,7656 00040278
,0646 .00066806 ,1704 .00066526 1,.254 .00038611
.0746 ,00066944 .102 00065694 1,8652 .00035044
.0845 ,00066106 ,gloo 000640661 1.9060 .00035270
.0945 ,00066230 .gloo 00064026 1,9448 .00033611
M044 .00065347 1.0296 .00063125 1.9846 .00031736

v1144 o00065111 1,0694 o00062153 2,0244 .00029651
&1541 000068611 1,1002 :000611,7 2,0642 .00027776
,1940 ,00060861 II420 00060270 2,1040 00025604
a2337 .00070604 l.e6l7 .00059236 2.1437 00023194
,2735 00071111 1,2265 00056194 2LI65 00020694
.3133 ,00071280 1.2663 00057183 2,2233 .00017778
.3531 .00071369 14.3081 00056111 2,2631 ,00014652
.3929 a00071520 1,3479 o00054661 2,3029 .00011111
43227 o00071520 14,677 00053611 2,3427 400006044

o4725 .00071526 1.4275 00052361 203625 00001944
,5123 .00071310 1.4673 .00051111 2,4024 .00000000
.5521 .00071111 163071 00049861 5.0000 400000000
,sol9 o00070694 1,3461 00048611
63217 .00070270 1.5667 00047361

2 = Lanz r@ooves

Travel(ft) Ar'ea(ft 2 , Travel( t) AxIea('t 2 ) Travo1(ft) Ara(ft'2)

.0000 .00020069 1443 v00042431 .7114 ,00040278
0149 ,00025101 s1542 .00041528 .7909 .00041111
0348 .00032708 .1940 .00036019 ,8705 ,00041736
.0547 .00037706 .2338 .00036526 ,9501 Sq0042361
074r 00041250 .2796 000032619 1,0297 .00043194

40640 ,00042431 ,3134 ,00035278 1.1093 ,000440'9
0945 .00043333 ,3532 ,00036111 181889 .00044061

01045 .00043089 e3930 ,00030736 1,2685 .00045594
,1144 .00044026 .4726 .00037776 1,3461 .00048526

•1244 ,0004369 .5522 ,00030611 1.4277 :00047361
1343 ,00043333 ,6318 ,00039444 105073 .00048403

14
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rialf) Area(ft) Travel~ft) Az'.a(ft 2) Travel(ft) At.,a.*;2)
1,0569 ,00049444 2.3927 .00076389 3.2583 .000511111.6665 .00050486 2.4027 .00078528 3.3379 .000479861.7461 .00051736 2.4126 .00075389 3.4175 .000446531,8257 .00053194 2,4226 .00076319 3.4971 .000409031.98052 .0005861 2.4624 .00075278 3.5767 .000367361.g848 *00056528 2.5420 .00073403 3,6563 .000323612.0644 00050403 2.8215 .00071319 3,7359 .0002715321O440 .00061111 2.7012 .00069028 3.8*15 .000211112#2235 ,00084444 2e7801 .00066944 3.8901 .000131•4S293032 .0006884g 264604 ,00054653 3,9348 ,000079172,.3430 $00071736 2,9392 ,00062153 3.9547 .00004375
2,3628 .00073750 3.0195. .00059444 3.9746 .00000000243728 ,00074931 3.0991 .00056944 5.0000 .00000000
2,3828 ,0007533 3.1787 .00054028

couner-reoil Gr'ooves

Travel (ft) Area (ft 2)*0000 000002093
,1740 a00002381s3720 s00007381
69699 ,00011111Z

1,8868 .00018666

3.9841 ,00017331
T.0000 M000173e1

Runs n~umber 1-3 were short rcool1 runs in which only the shortgroove discharge coefficient (C'. a atd telk~ o~~~n
t a m od onstant. values of C1= D .80,.759 and .70 were used.
R¢n, was QW41 to $75.

At,-d O, -3 Short Recoil Computed Maxi mum valZu es a , 75

•i ?,ime To Maximum• Recoiling partsc Velocity (Boo) .017, 40 7 0 8
Recoiling Parts Velocit (it/lea) 36,69 37.05 38.27SRecoil Lengt~h (inches) 29,18 29030 28.97

Axmu A o hh $,rnln Rod P111 0oo•u (ceo) .0495 .0981 .0155
Maicmu~m Rod Pull (pounds) 19436 24475 20900

Isi
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Graph - This graph is a comparison of the rod-pull time curves for
ie I-3. It can be seen that a small change in C' can completely
altar the shape of the rod pull-time curve. This iraph was compared
to graph A and it was felt that run I was the closest approximation.

Run No. 4 was then made with C' a .75 and C 2 .95. It was
hoped that the rod pull shape could ie more closeel approximated by
varying the leakage coefficient. But this produced a shape very sim-
ilar to run no. 2 although not as sevee. It was then concluded that
varying the leakage coefficient has the awe effect as varying the
4disharge coefficients. Of acurse, the results wiL never be quite
the same because of the difference in areas associated with theseii coefficients.

Run No._ short Re-Coil Co~tdMxiu aus C4 '.75 C K Nags

Time To End Of Recoil (seconds) .7375
Time To Maxime • Recoiling Parts Velocity (sea) ,0172
Recoiling Parts Velocity (ft/see) 36,8
Recoil Laenith (inches) 29.62
Time At Which Maximum Rod Pull Occurs (sea) ,0900
Maximum Rod Pull (pounds) 22157

Now, some long recoil runs were made.C• C• * .75 were held

constant while the long groove discharge coeff tcent "C"D ) was varied.

Runs No, 5-7 Long Recoil Computed Meximum Values Cb MCK 0 75

#5 ,.8n #8 6 5 '.90 #7 C .75
Time To End Of Recoil (seconds) I-95 .1--15 .2035
Time To Maximum Recoiling Parts Velocity (seec) 40195 ,0205 ,0200
Recoiling Parts Velocity (ft/sea) 38,L8 38,57 38.32
Recoil Length (inches) 47,64 47.91 45.26
Time At Which Maximum Rod Pull Occurs (see) .o0130 .1730 .0130
Maximum •od Pull (pounds) 11355 12185 11900

- This graph is a comparison of the rod pull-time curves for
runs-". This graph was compared to graph B and it was felth that run
no. 5 was the best approximation.

At this point, it was concluded that the flow coefficients for the
long and short grooves were .85 and .75, respectively, until a further
refinement of the program could be made.

A counterrecool study was then begun. A representative cyle time
for short recoil is 1.82 seconds. Now letting Ch ,CKs .75, the only vari-
ables, are the flow coefficient through the counterrecoil groove (C) and
the leakage coefficient associated with the counterrecoil groove (C7).
Two methods of approach were used. One method wasto vary both C ang C;
until a reasonable cycle time was obtainedi the other was to vary only L
and set C'K a 0. A number of runs were made to determine the best value'
for each method. These are listed as runs 8-9.

...... ...- .... I I I I . I I I.I I I I ...



Rus No. 8-9 Counterrecoil (Short).
D- K

#8 C =C. .50 #9 C "95,c' 0
Maximum Counterrecoil Velocity (ft/sec) Y-2•1 -3.2 K

In-Battery Velocity (ft/sec) -0.61 -0.36
Cycle Time (seconds) 1.87 1.85

Using the values determined in runs 8 and 9, two long recoil runs
were made. A representative cycle time for long recoil is 2.43 seconds,
C *D a C K. 75 and C"D n .85 were the criteria for the recoil stroke.

Runs No, 10-11 Counterrecoil (Long) C'o DCEC C"D a .85
#10 CC,0 .50 #11 C ,.95,01,O

Maximum Countezrecoil Velocity (ft/see) Y#1 C* 8 5 C .9 "

In-Battery Velocity (ft/eec) -0,68 -0,50
Cycle Time (second.) 2.36 1.73

Run no. 10 was the better approximation because of the ocapara-
tively close cycle time. This now completes the analysis of the re-
coil and counterrecoil stroke for Zone 7. Reviewing the results, it
was found that during the recoil stroke C'D and C, were equal to .75
while C". was equal to ,85, Of course, C"D was oily active in long
recoil. The counterrecoil analysis showed that Cy a C'K a .50 was the
best approximation.

Computer Model Analysis - Case 2

Now using equations 30 and 31, and utilizing the same input para-
m6ters as case I except for the breech force-time curve, an analysis was
conducted. Case 2 is an undesirable design condition. It only occurs
when the floating piston moves at such a velocity that there is a void
created between the oil and the floating piston. Now, in order to gen-
erate enough momentum to obtain this condition, a Zone 8 breech force-
time curve was used in the solution. A run was made in both long and
short recoil. A Sk muzile brake with an efficiency rating of 90% was
considered active in these runs. A muzzle brake only acts during the
gas ejection period. This analysis is strictly mathenmtical as there
is no firing data to compare against. However, runs were made under
these conditions in order to approximate mathenutically what force the
recoil mechanism would feel.

The Zone 8 breech force-time curve consisted of the following points.

B (t) # Time(millisec) S(t) #0 Time(millisec) B(t) # Time(millisec)
0 0 123328 1.729 ý78723 2.570

31414 .403 176728 1.967 482102 2.836
26576 .799 225284 2.140 519827 2.942
64594 1.325 309412 2.388 550175 3,036
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3 (t) # Tine(milllieo) 3(t) # Time(millise)) B(t) Time(millimeo)

593154 3.198 80983 7.901 27224 14o210
598101 3.221 68290 8.350 17689 17.154
618194 3.338 67960 8.379 11706 20,099
630370 3.462 66980 8.468 7878 23.044
61350 3.552 65381 8.615 5539 25,989
533321 3.573 63824 8.762 2024 31.876
621355 3.772 52308 8.909 1344 37,767
547060 4.183 S9394 9,204 719 43,650
464902 4.526 56629 9,500 533 46,601
392526 40.833 51516 10,087 399 49,545
332952 5,11s 49152 10.382 301 52,490
245434 5.640 46907 10.676 229 55,435
197075. 6.127 42749 11.255 135 61.324
146834 66590 421W7 11.357 0 62,000
131324 6.816 38994 11.845
Ilolo8 7.038 35599 12,443
108759 7o257 32844 12,969
96955 7.474 32528 13.032

Runs No. 12-13 Zone a
# 12 # 13

Short Recoil Long Recoil
Time To End Of Recoil (sea) .1293 .1805
Time To Maximum. Recoiling Parts Velocity (sec) 60085 .0085
Recoiling Parts Velocity (fUt/ca) 43,63 44,47
Recoil Length (inches) 29.20 47,94
Time At Which Maximum Rod Pull Occurs (sea) .0065 .0105
Maximum Rod Pull (pounds) 24494 14187

Gra h 3 - This graph is a plot of the rod pull-time curves for runs 12-
. uniqueness of run no. 12 requires same explanation. Run no, 12

has a discontinuity in it due in part from shifting out of case 2 back
into case I and because certain system flexibilities were igored in this
model. Run no. 13 never went into case 2 and therefore has no discontinuity,

18
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APPENDIX B

ANALYSIS PROQIRt



C FIRST APPROXIMATION TO FLUID FLOW IN RECOIL SYSTEMS

DIMENSION AREASX(75),AREASY(75),AREALX(75),AREALY(75),AYX(2O),AYY(

120) ,BRCHX(65) ,BRCHY(65)

COMMON U1,U2,U3,U~4,U5,AR,PN,XOXK,CONSTI,SGNXD,H1,H2,H3,EXD,A6,A3.

IFXD,CONST2,AREASX,AREASY,AXS,AREALX,AREALY,AXLAXCD,CDP,CDPP,CK,AK

2,CONST3,AYXoAYYAY,AYCD,CY,CKP,AKP,HHH,BOFTI IBOFT2,BOFT3,A7 ,DELX,

3DELY,DELXD..DELYDDX,DY.T,BRCHX.BRCHYSt ,A5,SIGMA,CD,XMR,ZETA,WP,FF

4P,A2,P3H,XMP,YYO

READI ,M , (AREASX( I) AREASYCI,11MREi J,(RH()acv( I), I..M1 )

READI ,MI,(AREALX(I) ,AREALY( I), 1.1,MI)

READi ,Ml,*(AYX( I) ,AYY( I), i-i,M1 ..)..

IFORMAT ( 11 0'(8F10.O)) ,-

READ2,T,H,X,XD,F,FP,AR,FFP,A7,A6.S1,AS,WPZETA,PN,X0,XK,WR,SIGMA,C

IDP1CDPP,CKAK.A3,A2,CDC'Y1CKP,AKP,XMRXýMP1HHH,H3,SGNXD.Y,YD

2 FORMAT(8FIO.O)

P3 HuH

AREAlwO.

HH=H/2.

X I.XMP*AR*'(A7+AR )/ (A7**2)................

CONSTIUWR*SINF(ZETA)

CONST2uXMR+X I

CONST3-S IGMA*A6**3*AR**3/ (2 .*32.1 7*A7**3)

UlwF

Ul_______



U2-F P

tJU2uU2

U30AR*FFPP/A7

U5=AR*WP*S I NF (ZE TA)/A7 - -.--.

l2uS IGMA*A3**3*AR**3/ (2.*32.1 7*A2**2*A7**3*CD**2)

A?.uAR*(FFP/A7-WP*S INF(ZETA)/A7+PN)+U2+U1-WR*S INF(ZETA)

I BRCHm1

11 CALL L INEAR(TBRCHXBRCHY,BOFTI ,IBRCH)

CALL LINEAR(T,BRCHX,BRCHY,BCFT2,IBRCH)
T=T+HH____ __

CALL LINEAR(T1BRCHXBRCHY,BOFT3,IBRCH) _____

12 CALL KUTTA(XIXC)_____

-IF(XD)3 _ __ __ __ __

U 2 w-UU2 - ----.- __

LJ3.-UU3_ _

GO TO 5

4 U1.UUI

U3 mUU3

SGNXDuJ.

I-



S XDD--DFIJNC(SOFT3 X,XD)

6 GG-AR*PN*(XO/(xo-X) )**XK

PR-(X I*XDD.GG.4U3-U5-~A7*H2*XD**2/A3..H1*XD**2-.H3*Xn**2)/AR

RwPR*AR+U2.

P2.m(U3-U)5+GG+X I*XDD-(H1-A3*H3/A6)*XD**2)/AR -

P3-(U3-U5+GG+X I*XDD+A3*(H1,H3)*XD**2/A6)/AR*'

PJ..(U3-U5+GG+X g*XDD-(H1+H3)*XD**2)/AR

H;HHH

%HHmH/2 ....--.-

7 IARESwl

IARE'Lml

CALL LINEAR~(X1AREASX,AREASY,AXS,IARES). .- . -.---.

CAL.L LINEAR(XIAREALX,AREALYIAXL,IAREL)

AX CDuCfl*AXS+CDPP*AXL+CK-AKI

HI mCONST3/ (AXCD**2)

PRU((Hl+H2)*XD**2+XI*XDC+U3+U4iU)5+AR*PN*(XO/(XO-X))**XK)/AR

RuPR*AR+1i2

P2.PR-St/A5

P3wP2-A7*H1 *XD**2/ (A6*AR)

P4wPR-A7*H2*XD**2/ (A3*AR)

8 TR.R+U1-CONSTI

IF(P3+211 6.8)37 .32,32

32 CALL AREA(AREA1 ,A1,TR,H)

B.J



PUNCH 9. T, X, XD,R,PR, P2, P3,P4,AREA , TR

9 FORMAT(F16.7,4F16,4/SF16.4)

1F(SENSE SWITCH 1 )201 ,202

201 HmPWIH

GO TO 35

202 IF (P.3-1 0000.) 135 135 1181

135 H-P3H-/100.

HHwH/2.

GO TO 35

181 IF(P3-50000.)81,81,35

81 H.PIH/10.

HHwH/2.

GOl TO 35

~3FnRMAT(6HP3 NEG)

PRINT 9-T

T..T-H

XwX-DX

X~uXD-DY

CALL P3NEG(X1XD,AREA1 ,Al)

35IF (BO I rI10,10L11

35 Tw+

GO TO 12 .- ,- . --.

END

.~~~ ~ . ......... ...



SUBROUTINE KUTTA(X.,XD)

DIMENSION AREASX(75),AREASY(75),AREALX(,75),AREALY(75),AYX(20),AYY(

COMMON U1,U2,U3,U14,U5,AR,F'N,XO,XK,CDNSTI,SGNXD,H1,H2,H3.EXD,A6,A3,

IFX0,CONST2,AREASX,AREASY,AXS,AREALX,AREALY,AXL,AXCD,CDP,CDPP,CK,AK

2,CONST3,AYX,AYY,AY,AYCD,CY,CKP',AKP,HHH,BOFTI ,BOFT2,BOFT3,A7,DELX,

3DELVJDELXDDELYD,DX,DY,T,BRCHX,BRCHY,S1 ,A5,S IGMA,CD,XMR,ZETA,WP,FF

4P,A2

IARE S .

CALL LINEAR(X,AREASX,AREASY,AXSIARES)

IARELwl

CALL LINEAR(X,AREALX,AREALY,AXL, IAREL)

AXC DnC DP*AX S+C DP P*XL +CK*AK

HI-CONST3I(AXCD**2)

IF(XD)1 .2,2

I EXD=1...".--.I,..-- - .- .

lAYmi

CALL LINEAR(XIAYX.AYY,AY, lAY)

AYCD.CY*AY+CKP*AKP

H3.CONST3/(AYCD**2)

GO TO 3

2 EXD.O.

FXO.-1,

3 AK1..H*DFUNC(BOFTI *XXD)



IARES-mi

CAL.L LINEAR(X+HH*XD+H*AK1./8,,AREASX,AREASY,AXS, IARES)

IARE I.- I

CALL LINEAR(X+HH*XD+H*AKI/8.,AREALX,AREALY,AXL, IAREL')

AX C D.CDP*AX S+CD PP*AX L+C K*AK

H1UCONST3/(AXCD**2)

IF(xo)4,5 .5

4 lAYw?

CALL LINEAR(X+HH*XD+H*AK1/8. ,AYX,AYY,AY, lAY)

A YCD.C Y*A Y+C K P*AK

HBmCONST3/ (AYCD**2)

5 AK2-H*DFUNC(BOFT2,X+-HH*XD.4.H*AKI/8. ,XD+AKI/2.)

AK.ImH*DFUNC(BOFT2,X+HH*XD+H*AKI/8. 1XD+AK2/2.)

IARESmi

CALL L INEAR(X+H*XD+HH*AK3,AREASXAREASY.AXS, IARES)

IAPEI.mi

CALL I. INEAR(X+H*XD+HH*AK3,AREALX,AREAL.Y,'AXL, IAREL)

AXCDmCDP*AXS+CDPP*AXL+CK*AK

Hi .CfNST3/ (AXCD**2)

6 IAYoi

CALL LINEAR(X+H*XD+HH*AK3,AYX,AYY,AY, lAY)

AYCD.CY*AY+CKP*AKP

7 AK4.H*DFUNC(BOFT3,X+H*XD+HH*AK3 ,XD+AK3)

B-7



DXoH*(XD+(AKI+AK2+AK3)/6.)

XNX+H*(XD4.(AK1 +AK2+AK3 )/6.)

DY -(AK1.2.*(AK2+AK3).IAK4)/6.

XD-XD+(AK1 +2 .*(AK2.AK3 )+AK4)/6.

RETURN

I~E ND
FUNCTION DFUNC (SOFT,X,XD)

COMMON Ul,U2,U3,UL+,U5,AR,PN,XO,XK,CONST1,SGNXD,Hl,H2,H3,EXDA6,A3,I; ~I XD ,CONST2
G.AR*PN*(XO/ (XO-X) )**XKI.NmBF-U+U+3U)GCNT1SND(IH)XD*+X*A*2
lA3+H3)*XD**2+FXD*t)4)/CONST2

RETURN

ENO

SUBROUTINE -LI NE'AR+ .('A., X-,YVVII

DIMENSION X(75),Y(75)

2 IF(A-X(I)) 3,1,1

GO TO 2 ----. ,-..--..-

RETURN

END -...

SUBROUTINE AREA(AREA1 ,AI ,TR,H)

A2.TR



AREAI=AREAI#H*(A1+A2)/2.

A1-2-------------------------------- -- -.. ----

10,RH(5,BRCHY(65) ...-. . .

COMMON UI,IJ2,U3,U4,U5,AR,PN,X0,XK,CONST1,SGNXDo~,H1i2,H3,EXD,A6,A3,F 1IFXD,CONST2,AREAS)(,AREASY,AXS,AREALX,AREALY,AXL,AXCD,CDP,CDPP,CKAK

2 ,CONST3,AYXAYY,AY,AYCD,CY,CKr,AKPPH,HH,BOFT1 ,aOFTr2.BOFT3,A7,DELX,

3DELYPDELXD,DELYD,DX,DY,T,BRCHX,BRCH-Y,S1 ,A5,S IGMA,CD,XMR,ZETA,WP,FF

I 4P,A2

P2-( (AR*XD-.A3*(YD-XD) )/AXCo)**2*S IGMA/2./32 .1?

PR-P2+S1 /A5 _______

I ~DFUNC~In(8rFT-AR*PR-(U1 +U2)4CONST1 )/XMR

RETURN ___________________________

END__________

SUBROUTINE P3NEG(X,X0,AREA1,AI)

IDIMENSION AR'EASX('75),-ARE4S'Y'(75),AREALX(75),AREALY(75),AYX(20),AYY(
120) ,BRCHX(65),BRCHY(65)

COMMON U18J2,U3,U4,U5,ARPPN,XO,XK,CONSTI,SGNXD,H1 ,H2,H3,EXO,A6,A3,

1 FXD ,CONST2 ,AREASX ,AREASY ,AXS ,AREALX ,AREALY,AXL ,AXCD ,CDP ,CDPP .CK ,AK

2,CONST3,AYX,AYY,AY.AYCD,CY,CKP,AKP,H,HH,BOFT1',BOFT2 BOFT3 A7 DELX,

3DELY,DELXD,DELY~oDX,DY,T,BRCHX,BRCHY,S1 ,A5,S IGMA,CD,XMR,ZETAWP,FF

4PA2,P3H,XMP,YYO



I BR CHwl

IFCSENSE SWITCH 3)4,200

200 Y0-(I.+AR/A7)*XD

Yw(1 .*AR/A7)*X ...

.'4 CALL LINEA.R(T,BRCHXBRCHY,BOFTI,IBRCH)

TwBT+HH

CALL LINEAR(T,BRCHXBRCHY,BOFT2,IBRCH)

Tm T+HH

CALL LINEAR(T,BRCHX,BRCHY,BOFT3.IBRCH) __ ____

CALL K(XIIXD.YD,Y)______________

XUX+DELX __________________

Y-Y+DELY __________

XDUXD+OELXD________ ______

YD&V'D+DEL YD - _______-

I P2-((AR*XD-.A3*CYD-XD))!AXCD)**2*SIGMA/2./32.I7_______

PluP2+SI/A5

PRmPi

P4mPR-(A3*(YD-XD)/(A2*CD))**2*SIGMA/2./32.17

RmAR*PR+U2

s TR-R+U1-CONSTl

CALL* AREA(AREAl ,Al OTR,H)

CCc.(I.+AR/A7)*,V

0 IFFC.Y-CC

PUNCH 3o,TXIXDDYY0PPI,P2DP'+,R,TRDAREAIDIFFC

3 FORMAT(F13.7,5F13.4/6F13.4)

t3-10



IF(SENSE SWITCH 1)201,202

201 ACCEPT 203,H

203 FORMAT(FIO.O)

HHmH/2.

202 IF( i-,,CC)2 8,4

8 CCCcu(1.+AR/A7)*XD

IF(YD-CCC)2 ,2 ,4

2 RETURN

END

SUBROUTINE K(X,XD,Y0,Y)

DIMENSION AREASX(75),AREASY(75),AREALX(75),AREALY(75),AYX(20),AYY(

120) PBRCHX(65) ,BRCHY(65)

COMMON Ul ,U2,LJ3,U4,LJ5,AR,PN,XO,XK,CONST1 ,SGNXD,H1 ,H2 ,H3 ,EXD,A6,A3,

IF.XD,CONST2,AREASX,AREASY,AXS,AREALX,ARF.ALY,AXL,AXCD,CDP,CDPP,CKAK

2.-CONST3 AYX, AYY, AY, AYCD, CY, CKP, AKP, H.HH, BOF TI ,BOFT2 , BOFT3 A7, DELX,

3DELY,DELXD,DELYD,DXDY,T,BRCHX,BRCHY,S1 ,A5,S IGMA,CD,XMR,ZETA,WP,FF

4P ,A2 ,P3H,XMP,Y

IARES-i

CALL LINEARCX,AREASX,AREASYAXS, IARES)

IARES-1

CALL LINEAR(X,AREALX,AREALY,AXL, IARES)

AX CDnCDP*AXS.C DPP*AX L+CK*AK

AKlnH*DFUNCl (XD.YDBOF TI)

ALl .H*OFUNC2(XD,YDIX ,Y)



ZoX+HH*XD+H*AK1 /8.

ZY.Y4.HH*YD+H*AL1 / 8,

IARESmi

CALL LINEAR(Z,AREASX,AREASY,AXS, IARES)

IARES-i

CALL LINEAR(Z,AREALX,AREALY,AXL, IARES)

AXCDmCDP*AXS+CDPP*AXL+CK*AK

AK2.H*DFUNCI(XD+AKI/2.,YD+ALI/2.,BOFT2)

AL2-H*OFUNC2(XD+AKI/2.,YD+ALI/2.tZ,ZY)

AK3EH*DFUNC1 (XD+AK2/2.,YD+AL2/2.,BoFT2)

AL3.H*DFUNC2(XD+AK2/2. ,YD'AL2/2. ,ZZY)

Z.X+H*iD.HH*AK3

ZYuY+H*YD+HH*AL3

I ARE S-i

CALL LINEAR(Z,AREASX,AREASY,AXS, IARES)

IARES-I

CALL LINEAR(Z,AREALX,AREALY,AXL, IARES)

AX C D.CDP*AX S+COP P *AX L+C K*AK

AL4mH*DFUNC2(XD+AK3,YD+AL3,Z,ZY)

DELXEH*(XD+(AK1 +AK2+AK3 )/ 6.)

DELYuH*(YD+(ALI+AL2+AL3)/6.)____

DELXD-(AK1 +2.*(AK2+AK3 )+AK4)/6.

DELYO..(AL1 +2 .*(AL2+AL3 )+AL4)/6.

RETURN



END'

FUNCTION DFUNC2(XDYOPX,Y)

DIMENSION .AR.EA .S X ..75),..AREAIS Y..( 75 .1.AR EAL .(W5),AREALY(75),AYX( 20),A'YY(

120) ,SRCHX(65),SRCHY(65)

COMMON Ul ,U2,U3,U4,U5,ARPN,XO,XKoCONST1 ,$GNXD1 HII,H2,H3.,EXDA6,.A31,

IFXDCQNST2,AREASXAREASYAXSAREALXAREALY.AXL,.AXC~oCDP,CDPPCK AK.ý.ý

2, CONST3, AYX oAYY pAY, AYCO pCY,CKP,AKP ,H HH j OP TI DBOFT2pBOFT3,A7,DELX,.'''

14PPA 2 P3H,XM P Y

P2.((AR*XD-A3*(YD-XD) )/AXCD)**2.*sIGMA/2./32.1 7

PR-P2+S1 /AS

P4.PR-(A3*(YD-XD)/ (A2*CD) )**2*S IGMA/2 ./32 .17

PX.PN*(XO/ (X0-A7*(Y-X)/AR) )**XK

DFUNC2s(P4*A3-PX*A7-FFP+WP*S INF(ZETA)) )/XMP

END...........7..111. . .

B-1 3.
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APPENDIX C

DESIGN PROGLIN



C CONTROL ROD AREA ANALYSIS SHORT RECOIL TOM STR~EETER MAR 1965

DIMENSION BRCHX(100),BRCHY(100),RODX('100).RODY(100)

COMMON CONSTI ,CONST2,CONST3,CONST4,ARPN.,XZERO,XK,H1 ,H2,H,HH,CDP,

1 CDPP,XKSPXKL

PRINT 44

44 FORMAT(5X4OHTURN SWITCH 2 ON FOR PUNCHED CARD OUTPUT/I

READ I M,(BRCHX(I) BRCHY(I ) , Iu 1 M).

1 FORMAT (I1O/(8FlO.O))

READ 1,N,(RODX(I)1 RODY(0I)1.,N)

READ 3,S1IARPA5,A7,A3,WR,WP,ZETAIIXMR,F,FP,FFP,PN,XZEROXKSIGMA,

1 G,A2 ,CD,CDP,CDPPT,H,FACTOR,ERROR ,X,XDOTDXMP,AXL,AXSIIXKS PXKL

3 FORMAT(8FIO.O)-

CONST'4.F'4FP+AR*FFP/A7

ARPNuAR*PN

Hi-S IGMA*A3**3*AR**3/(2.*G*A2**2*A7**3*CD**2)/144. 
-

H2.SIGMA*(A7-A3)**3*AR**3/(2.*G*A7**3)/144.

U..SI*AR*(A7-A3)/A5/A7,F+FP+ AR*FFP/A7

DO 4 1 1 M

4ORCHY (I) BRCHY* (I )'*'FACT'OR - ......

IBRCH I1.

I ROD-i

................................ .. .. .. .. .. .. .



PUNCH 30, U,H1,H2,XI.

30 FORMAT(12X1HU14X2HH114X2HH2?4X2HXI//4F1 6.4)

PUNCH 18

18 FORMAT(//7X1HT12XIHXI1X4HXDOT1OXJHRIOX5HRREAL1OX3HAXS//)

AX CDoAXS*CDP+XKS

9 CALL LINEAR CT, R R'HXt BR CHY, BOF Tlo 1IR CH)

T a T + HH

tCALL LINEAR CT, SRCHX, BRCHY, SOFT2t IBRCH)

T a T + NH

CALL LINEAR (T, BRCHX, I.BR+CHYt,, B.OFT3,, I.BR.CH.)

CALL LINEAR(T,RODX,RODY,RREAL, IROD)

5 IERRw0

6 IERR. IERR+

CALL KUTTA-(BOFTI- 8OFT2,B0F T-3-, X,X DO0T,D EL X,DELXID A .X S A'.XL 
.o-AX CD) -

zxoo0r=XDOT+DEL X D

ZXDD.OFUNC(BOFT3 ,ZZZ ,ZXDOT,AXCD)

GoAR*PN*(XZERO/ (XZERO-ZZZ) )**XK -- ..--.-- ,.

RUU+G+X,*ZXDO+(HI+H2/AXCD**2)*ZXDOT**2

ZZoASSF(RREAL-R)

IF ( ZZ'-ERROR ) 102 ,103 '103

103 DENOM.( RREAL-U-GXI*ZXDO)/ZXDOT**2

AXCDNSQRTF(H2/DENOM)-

IF( IRR-5)j~l 5



51 ACCEPT~ 52,ERROR

52 FORMAT(FlO.O)

GO TO

102 CALL KUTTA(BOFTI ,BOFT2,eOFT3,X,XDOT,DELX,DELXD,AXSAXL,AXCO)

IF(SEMSE SWITCH 3)7o99

7 ACCEPT 52p ERROR

99 X=X+DELX

XDOT *XDOT + DELXD

X(DODpUNC(BOFT3 ,X,XDOT,AXCD)

G-AR*PN*(XZERO/ (XZERO-X) )**XK_______

R-U+G+X I*XDD.(H1I442/AXCD**2)*XDOT**2 ____

ABC-(HJ .H2/AXCO**2 )*XDOT**2

AXS. (AXCD-XKS)/CDP______

IF(SENSE SWITCH 1)8,100 _______

8 PRINT 21, IERR, ERROR, ZZ, AXS

21 'FORMAT('I1*O,.2FP0.2',ýF15.7) ___________

100 IF (SENSE SW ITCH 2 ) 11 , 12

11 PU04CH 19, -T,X,XDOT,RPRREAL,AXS

19 FRoMAT(5F13.4,F13.7).

12 IlF'(T-R'OD'X("N'))9, 1"0,O 1

10 STOP

END

FUNCTION DFUNC(BOFT,X,XDOT,AXCO)

COMMON CONST1,CONST2,CONST3,CONSTL.,ARPNXZERO,XK,H1,H2,H,HHCDP,

I CDPPoXKS,XKL

DF'UNC.(B F-CONST3+ CONSTL+)ARPN*(XZERO/ (XZERO-X) )**XK

-~.. 4..~- . - -- ~ ...........



I -CH1,H2/AXCO**2)*XDOT**2+CONST1 )/CONST2

RE TURN

END . .. .- .-- -

SUBROUTINE I(UTTA(BOFTI *BOFT2,BOFT3,X,XDOT,DELX,DELXD,AXSPAXL,AXCD)

COMMON CONSTI ,CONST2,CONST3 CONST4,ARPN,XZERO,XK,Hl ,H21,H,HH,CDP,

I CDPPoXKSXKLI ~AKidH*OFUNC(SOFTl ,X,XDOTAXCO)

AK2aH*DFUNC(BOFT2,X+HH*XDOT+H/8.*AK1 ,XDOT+AKI/2. PAXCD)

AK3.H*OF'UNC(807T2 oX+HH*XDOT+H/80*AKI ,XDOT+AK2/2. PAXCD)

AK.H*DFUNC(BOFT3 ,X+H*XDOT+HH*AK3 ,AI(3.XDOT,AXCD)

DELX *H* (XDOT. (AKI + AK2 +AK3)/6.)

OELXD 'a (AKI + 2.*AK2 + 2.*AK3 + AW4/6.

RE TUR~N___

ENDI
SUBROUTINE LINEAR (A,X,Y,VV,I)

2DIMENSION XOOO0),YC100). .

GO TO 2

I RETURN
END

--- -... .



C CONTROL ROD AREA ANALYSIS LONG RECOIL TOM STREETER MAR 1965

DIMENSION BRCHX(1OO),BRCHY(1OO),RODX(1OO),RODY(1OO),AREASX(1OO),

I AREASY(100)

COMMON CONSTI .CONST2,CONSTP,CONST4,ARPN,XZElRO,XK,H1 ,H2,H,HH,CDP,

I CDPPPXKSDXKL

PRINT 44
44 FORMAT(5X4OHTURN SWITCH 2 ON FOR PUNCHED CARD OUTPUT//

READ I ,M, BRCHX (I),BRCHY( I) I. ,M

1 FORMAT (I1O/(8FlO.O))

READ 1 ,N, (RODX( 1) RODY( 1) 1.1 ,N)

READ 1,MM,(AREASXC(I)IARE'ASY(I),I'UIDMM)

READ 3,S1,AR,A5,A7,A3,WR,WP,ZETA,XMR,F,FP,FFP,PN1 XZERO,XK,SIGMA, 4

3 FORMAT(8FIO.O)

X IXMP*AR*(A7,AR)!IA7**2 .

CONSTIU(Wft4AR/A7*WP)*S INF(ZETA)

C ON ST2u XMR.X I

CONST3-S I*AR*(A7-A3)/AS/A7 -- ,. . . . ..------- -

CONST4uF4FP+AR*FFP/A7

ARPNwAR*PNI ~ ~~~HI S IGMA*A3**!I*AR*3(2**A2 **2*A7**3*CD**2)/144. - - -

H2.S IGMA*(A7-A3)**3*AR**3/ (2.*G*A7**3)/144.

U.S1*AR*(A7-A3)/A5/A7+F+FP+ AR*FFP/A7

4 8RCHY' (I) BRCHI'Y (I) FACTOR-



IAREAml

IBRCH w

IRODml

PUNCH 30, UH1,H2,XI

30 FORMAT(J2XIHU14X2HH11'4X2HH21J4X2HX1//4P16.4)

AX CDu.AXS*CDP+XKS+AXL*CDPP+XKL

HHuH*.5I; 9 CALL LtNEAR ( T, BRCHX, BRCHY, BOFT1, IBRCH)

CALL LINEAR ( T, BRCHXD BRCHY, BOFT2, laRCH)

T * T + HH

CALL LINEAR C T, BRCHX, BRCHY, BOFT3, IBRCH )

L.. CALL LINEAR(TRQOXRODYRREAL, tROD)
I

4 5 IERR.O

6 IERR * IERR +1

CALL KUTTA(BOFT1,BOFT2,BOFT3,XXDOTOELXDELXDAXSAXLAXCD)

Z ZZ * X+ DEL X

ZXOOTuXDOT+DELXD .4

ZXDD.OFUNC(BOFT3 ,ZZZ ,ZXDOTAXCD)

G.AR*PN*(XZERO/ (XZERO-ZZZ) )**XK

R.U+G+X I*ZXDO,(H1+H2/AXCD**2)*ZXDOT**2 --

'1t. 03 ZZ.ABSV(RREAL-R)

DENOMm( RREAL-U-G-X I*ZXDD)/ZXDOT**2



51 ACCEPT 52,ERROR

52 FORMAT(F 10.O0)

GO TO 5

102 CALL KUTTA(BOFTI BO0FT2,BOFT3,X,XDOT,DELX,DELXD,AXS,AXL,AXCD)

IF(SENSE SWITCHI 3)7,99

7 ACCEPT 52, ERROR

99 XmX+DELX

XOOT m XDOT +DELXD

X00.DFUNC(BOFT3 ,X XDOToAXCD)

G.AR*PN*(XZERO/ (XZERO-X) )**XK

R-U+G+X I*XOD+(H1 +H2/AXCD**2)*XDOT**2

ABCi.(H1 +H2/AXC~w*2)*XDOT**2

CALL LIN4EAR(X,AREASX,AREASY,AXS, IAREA)

AXLm(AXCD-AXS*CDP-XKS-XKL)/ CDPP _____

IF(SENSE SWITCH 1)8,100 _____

8 PRINT 21, IERR,ERROR,ZZ,AXS,AXL

21 FORMAT(I1O,2FI0.2,2F15.7)

100 IF ( SENSE SWITCH 2' 11, 12

11 PUNCH 19, T,X,XDOT,R,RREALAXS,AXL

19 FORMAT(3F10.4,2F12.3,2F 3 .7)

12 iF(T-RODX(N))9,1O,1O

10 STOP

END

C-83



SUBROUTINE KUTTA(B0FT1 ,BOFT2,BOFTS,X,XDOT,DELX,DELXQ,AXS,AXL,AXCb)

COMMON CONSTI ,CONST2,CONST3,CONST4,ARPN,XZERO,XK,H1 ,H2,HIHH,COP,

I CDPP,XKSIXKL

AK1wH*DFUINC(BOFT1 ,X,XDOT,AXCD)

AK2.H*DFUNC(60PT2,X+HH*XDOT+H/8.*AKI ,XDOT+AKI/2. SAXCD)

A K3U H*DF UNC(B0PT2.X+HH*XDOT+H/8.*AKI ,XDOT+AK2/2. .AXCD)

AK4.H*DFUNC(BOFTI,X+H*XDOT4HH*AK3 ,AK3+XDOT,AXCD)-

DELX m H* (XDOT+ (AK1 + AK2 +AK3)/6.)

DELXD w (AKi + 2.*AK2 + 2.*AK3 + AW4/6.

RETURN

END

FUNCTION DFUNC(BOFT,X XDOT,AXCD)

COMMON CONSTI ,CONST2,CONST3,CONST4,ARPNXZERO,XK,H1 *H2,HII*I,CDP,

I CDPP,XKS,XKL............-.. 
. ......-

DF UNC.(BOF T-(CONST34. CONST4)-ARPN*(XZERO/(XZERO-X))**XK

I -(Hl+H2/AXCD**2)*XDOT**2.ICONST1 )/CONST2

RETURN

END

SUBROUTINE LINE'ARý (AIX,Y,Vv,i)

D IMENS ION X 0 00) Y(1 00)

2 IF(A-X(I0) 3,1,1 ~.

I I*,+ I1 -

GO TO 2............ .. . . .-.-.-..

3 1 '1-1

RETURN - . . - - - -- - . . . . . . . ..

END .

- C-----4-


